The strong association between blood pressure (BP) and overweight 1 together with secular changes of overweight/ obesity during the past decades 2 raises controversy about establishing normative BP percentiles for children and adolescents. Some authors argue not to include overweight and obese youths in the normative database in order to avoid increasing norms for BP as the level of overweight and obesity continues to increase. [3] [4] [5] [6] Others report discordant secular trends in elevated BP and obesity. 7 The Bogalusa Heart Study found that neither mean nor high BP levels increased during a period in which the prevalence of obesity increased almost 3-fold. 8 Among UK children, systolic blood pressure (SBP) increased in the past 3 decades, but the parallel increase of body mass index (BMI) explains only 15% of SBP increase. 9 This is consistent with 41% of SBP and 27% of diastolic blood pressure (DBP) increase associated with elevation of BMI in a large cross-sectional survey from China. 10 A US study described that the BP rise over the past 40 years lags about 10 years behind the increase in obesity, particularly abdominal obesity, accounting only for part of the upward trend of hypertension. 11 The current pediatric normative BP percentiles from the United States and Europe are developed using auscultatory device. 12, 13 Because an interchange of auscultatory and oscillometric BP values is precluded, 13-15 normative BP percentiles established by sphygmomanometry are the basis for the evaluation of this query. To date, there are only 3 other large auscultatory studies from Italy (unfortunately presenting only separate age-and height-specific BP curves and no age-, sex-, and height-adjusted tables), from Poland, and from the United States describing sex-, height-, and age-adjusted percentiles in growing children and adolescents and another one excluding overweight children. 4, 12, 16, 17 The purpose of our study was (i) to develop auscultatory BP growth charts for 3-to 18-year-old German children and adolescents, (ii) to develop separate percentiles in normalweight, overweight, and obese German youths, and (iii) to assess the prevalence of elevated BP according to weight. 
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The strong association between blood pressure (BP) and overweight 1 together with secular changes of overweight/ obesity during the past decades 2 raises controversy about establishing normative BP percentiles for children and adolescents. Some authors argue not to include overweight and obese youths in the normative database in order to avoid increasing norms for BP as the level of overweight and obesity continues to increase. [3] [4] [5] [6] Others report discordant secular trends in elevated BP and obesity. 7 The Bogalusa Heart Study found that neither mean nor high BP levels increased during a period in which the prevalence of obesity increased almost 3-fold. 8 Among UK children, systolic blood pressure (SBP) increased in the past 3 decades, but the parallel increase of body mass index (BMI) explains only 15% of SBP increase. 9 This is consistent with 41% of SBP and 27% of diastolic blood pressure (DBP) increase associated with elevation of BMI in a large cross-sectional survey from China. 10 A US study described that the BP rise over the past 40 years lags about 10 years behind the increase in obesity, particularly abdominal obesity, accounting only for part of the upward trend of hypertension. 11 The current pediatric normative BP percentiles from the United States and Europe are developed using auscultatory device. 12, 13 Because an interchange of auscultatory and oscillometric BP values is precluded, [13] [14] [15] normative BP percentiles established by sphygmomanometry are the basis for the evaluation of this query. To date, there are only 3 other large auscultatory studies from Italy (unfortunately presenting only separate age-and height-specific BP curves and no age-, sex-, and height-adjusted tables), from Poland, and from the United States describing sex-, height-, and age-adjusted percentiles in growing children and adolescents and another one excluding overweight children. 4, 12, 16, 17 The purpose of our study was (i) to develop auscultatory BP growth charts for 3-to 18-year-old German children and adolescents, (ii) to develop separate percentiles in normalweight, overweight, and obese German youths, and (iii) to assess the prevalence of elevated BP according to weight.
We evaluated complete yearly data sets from 22,051 children and adolescents (11,328 males and 10,723 females) aged 3-18 years who participated in the PEP Family Heart Study from 1993-1994 to 2007-2008. 18, 19 At the beginning of each school year, first graders, their siblings, and parents/guardians were informed about the Prevention Education Program (PEP) using the parent evenings in 54 elementary schools in Nuremberg. Families deciding to participate voluntarily and free of charge in this long-term PEP Family Heart Study contacted the PEP office in the Sanitary Board of the City of Nuremberg for detailed information and written informed consent. Ninety-four percent of all elementary schools participated in this community-wide observational study on detection and improvement of cardiovascular risk factors by sustained counseling on family-based lifestyle modification. A total of 27.4% participating families lived in the best social environment, 37.5% in the middle of environmental standards, and 35.1% in the poorest habitat. Self-reported metabolic, cardiovascular, endocrine, and malignant disorders and specific medication were exclusion criteria in 42 youths, and 508 youths had missing data on BP or height. In this study, we analyzed only data from children and adolescents who had German mothers and fathers to avoid ethnic bias, thus excluding 2.6% of the participants from 17 other selfidentified pure or mixed ethnic groups. The ethical committee of the Medical Faculty of the Ludwig Maximilians University of Munich (Germany), the Bavarian Ministry of Science and Education, and the local school authorities approved PEP, which fulfilled the criteria of the Declaration of Helsinki. The age and gender distribution of 22,051 children and adolescents aged 3-18 years is displayed in Table 1 .
Measurements
All measurements were performed by physicians and continuously trained certified medical research assistants (nurses, dieticians, technical assistants, and medical students) as described previously. [18] [19] [20] Continuous instructions for the exact measuring procedure along the study manual were performed over the complete study period. During this time, less than 11% of the trained staff changed. Weight to the nearest 0.1 kg and height to the nearest 0.1 cm were measured twice using a calibrated electronic scale SECA (Vogel & Halske, Hamburg, Germany) and a Stadiometer Holtain Ltd (Crymych, United Kingdom). BMI was calculated as weight in kilograms divided by height in meters squared. SBP and DBP were measured twice (calculating the average) in a sitting position after 5 minutes rest on the right arm supported, cubital fossa at heart level using a validated nonmercury ERKA-Aneroid semiannually calibrated sphygmomanometer (MTM Munich, Germany) providing 4 appropriate cuff sizes (4 × 8 cm, 6 × 12 cm, 9 × 18 cm, and 10 × 24 cm). Normal weight was defined as BMI < 85th percentile, overweight as BMI 85th to <95th percentile, and obesity as BMI ≥ 95th percentile. 2, 21, 22 Because children ≤ 5th percentile were included in the normal-weight group (BMI < 85th percentile), we also used the term "nonoverweight. " Prehypertension is defined as the ≥90th to <95th percentile or ≥120/80 mm Hg and hypertension as ≥95th percentile on ≥3 occasions. 12 
statistical analysis
For statistical analyses, we used SPSS 18.0 and considered P < 0.05 significant. We developed age-, height-, and genderspecific percentiles including 6 height percentiles for all 22,051 youths, percentiles for medium height for 18,917 normalweight, 1,938 overweight, and 1,196 obese children and adolescents aged 3-18 years. We used the LMS (Lamda-Mu-Sigma) Chartmaker Pro, version 2.3 (Medical Research Council, London, United Kingdom). The LMS method summarizes the age-changing frequency distribution of BP as estimated by the skewness parameter L, the median curve M, and the coefficient of variation S curve. 23 Using LMS Chartmaker, smoothed agedependent percentile curves for height (cm) were calculated at first for both sexes, and thereafter, we constructed for both sexes smoothed age-and height-dependent percentile curves for SBP and DBP. We tested the normal distribution of ageadjusted exact height and SBP and DBP values by trended and detrended Q-Q diagrams within the age groups. Number of outliers never came close to 5%. The goodness of fit for the final curves was tested by z-scores as well as by trended and detrended Q-Q plots. Age-and sex-adjusted binary logistic regression models were performed defining the crude risk of hypertension (respectively prehypertension) in single weight groups; polynomial logistic regression models were calculated for the comparison of the 3 weight groups (P < 0.001 was defined as statistically significant). The anthropometric characteristics of 22,051 German youths consisting of 16,036 children aged 3-11 years and 6,015 adolescents aged 12-18 years are shown in Table 2 . Compared with children, the adolescents were 6 years older, substantially taller and heavier, which is reflected by a significantly higher BMI (+3.7 kg/m 2 ) in both genders. BP is also higher in adolescents than in children in terms of SBP (+10.2 mm Hg) and DBP (+4.0 mm Hg) in males and SBP (+6.2 mm Hg) and DBP (+2.6 mm Hg) in females. Among children, we found no significant gender differences for Table 5 ) at the 50th, 85th, 90th, 95th, and 97th percentiles at medium height..
The corresponding 10 growth curves at median height for SBP and DBP in all, normal-weight, overweight, and obese males and females representing the 3rd, 5th, 10th, 25th, 50th, 75th, 85th, 90th, 95th, and 97th percentiles are depicted in Figure 1a ,b. The shapes of the SBP percentile curves are different between genders independently from weight groups. In males at younger age, they increase continuously by 1 mm Hg/year and steeper by 2 mm Hg/year from age 13 years upward, whereas in females, the curves increase by 2 mm Hg/year until age 7 years thereafter plateauing until age 14 years with increasing tendency. These changes by age are stronger in overweight and obese youths and even more striking as depicted by the DBP curves. In obese males, the upper DBP percentile curves begin at 90 mm Hg already at age 3 years, whereas they steeply increase between age 3 and 6 years in obese females. Among overweight boys, the DBP curves decrease between age 7 and 12 years and increase thereafter, while in overweight girls, the curves of the 97th, 95th, 90th, and 85th percentile are plateauing.
Compared with the growth charts for all youths (Supplementary Tables 1 and 2 ), 6-year-old overweight and obese children had substantially higher values at the 90th percentile (Supplementary Tables 4 and 5) in terms of overweight boys (+6/4 mm Hg), overweight girls (+5/3 mm Hg), obese boys (+10/8 mm Hg), and obese girls (+12/8 mm Hg). Obese 17-year-old adolescents have even higher readings: in males, +9/8 mm Hg at the 50th percentile, +12/5 mm Hg at the 90th percentile, and +12/4 mm Hg at the 95th percentile and in obese females, 10/8 mm Hg, 13/10 mm Hg, and 15/11 mm Hg, respectively (Supplementary Table 5 ).
The prevalence of prehypertension and hypertension by weight groups is depicted in Figure 2 , demonstrating substantial increases in prehypertension and hypertension by increasing weight in both genders. The prevalence of hypertension is 5.4% among normal-weight youths, 9.8% in overweight, and 21.5% in obese children and adolescents, whereas the prevalence of prehypertension among normal-weight youths is 13.1%, in overweights 18.5%, and in obese subjects 23.4%. We found the strongest associations (Figure 3 ) between hypertension and obesity in females (odds ratio (OR): 5.9; 95% confidence interval (CI): 5.1-7.5) and in males (OR: 4.3; 95% CI: 3.5-5.29), whereas the associations with overweight are weaker in males (OR: 2.7; 95% CI: 1.6-2.3) and females (OR: 2.1; 95% CI: 2.0-2.9) and in normal weights, there is no significant association with elevated BP. In both genders, the significant associations between weight group and prehypertension are weaker for overweight males (OR: 1.6; 95% CI: 1.3-1.8) and females (OR: 1.6; 95% CI: 1.4-1.9) and obese males (OR: 1.8; 95% CI: 1.5-2.2) and females (OR: 2.1; 95% CI: 1.8-2.6), respectively.
Comparing the 3 weight groups when calculating polynomial logistic regression models, we found the prevalence of having both hypertensive SBP and hypertensive DBP was OR: 4.0 (95% CI: 3.0-4.3) in overweight children, and the prevalence of having prehypertensive SBP and DBP was OR: 3.0 (95% CI: 2.6-3.5), compared with normal-weight individuals. The prevalence of prehypertension was significantly higher in overweight (OR: 3.0; 95% CI: 2.5-3.4) than for normal-weight children as well as for hypertension with OR 1.9 (95% CI: 1.7-2.1). Obese children compared with overweight ones doubled the prevalence of prehypertension (OR: 6.2; 95% CI 5.4-7.2) and increased their prevalence of prehypertension 3-fold (OR: 12.0; 95% CI: 9.4-15.3) compared to overweight children.
discussion
We developed age-, sex-, and height-adjusted BP auscultatory percentiles for German children and adolescents including both normal-weight and overweight subjects and separate percentiles for a normal-weight subgroup excluding overweight subjects. The overall and the normal-weight percentiles are nearly identical except only very few minimal differences of 1-2 mm Hg. This is consistent with an auscultatory US study that also compared BP percentiles from normal-weight youths with the total sample. 4 At the 90th percentile, we found among 17-year-old adolescents 1/1 mm Hg higher values in overall than in normal-weight males and females corresponding with 1/1 mm Hg in male and 1/3 mm Hg in female US adolescents. Whereas our 6-yearold overall and normal-weight children had identical percentiles among 6-year-old allover US boys, BP was 3/2 mm Hg higher than in normal-weight boys but only 0/1 mm Hg higher in girls (Supplementary Table 3 ). These very small differences between overall and normal-weight German and US children and adolescents suggest that separate growth charts for normal-weight youths are not necessary.
The comparison of the overall percentiles from the 3 auscultatory studies from the United States, 12 Poland, 17 and Germany (current) demonstrates very similar values in the 2 European studies (Table 3 ). However, 6-year-old US children had substantially lower values at the 50th percentile in boys (−6/−11 mm Hg) and in girls (−7/−9 mm Hg) but also lower at the 90th percentile (−2/−6 and −4/−6 mm Hg, respectively) and at the 95th percentile (−1/−5 and −4/−5 mm Hg, respectively). Also US male 17-year-old adolescents had lower values than German male adolescents at all percentiles, whereas the differences were only minimal. comparisons between overall and normal-weight percentiles. The other large study from Germany used an oscillometric device and a different cutoff value for overweight (BMI > 90th percentile) describing that at the 95th percentile, nonoverweight percentiles were lower by up to 3 mm Hg for SBP and up to 2 mm Hg for DBP compared with the total sample. 5 However, because of substantial differences, an interchange of auscultatory and oscillometric BP values is precluded. [13] [14] [15] Because nearly 14% of the children and adolescents included in the database for the BP growth charts were overweight or obese, this might result in misclassifications of the prevalence of hypertension and prehypertension in youths. Therefore, we developed separate overweight-and obesity-specific percentiles, which indeed did result in substantially higher readings. This raises the question how to handle those higher BP values in overweight youths. For example, an overweight (BMI ≥ 90th-95th percentile) 15-year-old boy with median height has a BP value of 130/82 mm Hg at the 90th percentile using the overall growth charts ( Supplementary Tables 1 and 2 ). This means that he has prehypertension (if confirmed by 3 more separate readings) because his BP is ≥120/80 mm Hg and above the 90th percentile. 12 However, using the overweight-specific percentiles, the reading is 134/84 mm Hg at the 90th percentile classifying him as nearly hypertensive because his reading is 135/85 mm Hg at the 95th percentile using the normal growth charts. A 15-year-old obese girl at medium height with ≥3 readings may have a BP value of 141/93 mm Hg at the 95th percentile using the obesity-specific charts but is classified hypertensive with 127/83 mm Hg in the normal charts.
These major differences require detailed debate. Do we unnecessarily stigmatize overweight and obese young people using the weight-specific charts? Do we overlook early healthy-lifestyle intervention using the normal charts? Do we need a new definition of cardiometabolic risk factors in young people? Using weight-specific percentiles would increase the prevalence of elevated BP considerably and limit international comparisons.
Our observational study has several limitations. First, the reference values are based on BP measurements at a single visit and not on multiple estimates from at least 3 separate visits. Second, environmental factors were not included because Tanner scale and life style data were not available from all subjects in all cross-sectional surveys. Third, comparable data from rural areas are not available. Therefore, generalization of our results is limited. Strengths of our study include using sphygmomanometric device according to the current guidelines, the large sample covering a wide age range, a homogeneous setting consisting of sustained staff using the same procedure, and the representative recruitment of children 
Table 3.
Comparison of systolic blood pressure (SBP) and diastolic blood pressure (DBP) (mm Hg) in 6-year-old and 7-year-old children and in 17-year-old adolescents, respectively, at the 50th, 90th, and 95th percentile at median height from Germany (GER), USA, and Poland (POL) using sphygmomanometric device and adolescents from 1 ethnic group enrolled from 94% of the 54 elementary schools in 1 city. Furthermore, data of this large cohort were collected over 14 years, which are consistent with the data presented in the Fourth Report. 12 The strong association between elevated BP and overweight in young people raises controversy about establishing normative BP percentiles for children and adolescents. We suggest that separate growth charts for normal-weight youths (as proposed by Rosner et al. 4 ) are not needed for the classification of pediatric BP because we found that auscultatory BP percentiles in German children and adolescents with and without exclusion of overweight (BMI-for-age ≥85th percentile) are very similar. However, developing separate normative BP percentiles for overweight and obese youths is strongly recommended because of substantially higher readings in overweight and obese children and adolescents suggesting new definitions of cardiometabolic risk in young people.
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